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HOUSING STRUCTURK 

The invention relates to a housing structure which has a 
frame structure on which there are arranged via connecting 
elements several optical elements which are held in mounts or 
structural modules. 

A housing structure of this type is described, for example, 
in EP 1 278 08 9 A2 . It has frame parts and connecting plates 
on which several optical elements are fastened, bores or 
openings being provided in part for this purpose. The housing 
structure forms a stable self-supporting unit. Appropriate 
auxiliary constructions with fastening elements are required 
for fastening the optical elements with their mounts or 
structural modules. The mounting is relatively complicated, 
and an additional installation space is required for the con- 
nection. The optical elements connected to the frame struc- 
ture constitute virtually separate parts on the housing 
structure and have little dynamic influence on the housing 
structure. Moreover, thermal influences and influences of in- 
ternal stress are difficult to calculate. 

The object of the present invention is to avoid the above- 
named disadvantages of the prior art, in particular to create 
a housing structure, there being a simpler and reproducible 
connection between the housing structure and the optical ele- 
ments arranged therein. 

This object is achieved according to the invention when the 
optical elements are detachably connected to the frame struc- 
ture with their mounts or structural modules and connecting 
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elements in such a way that in the installed state they are 
integrated as bearing units in the frame structure. 

The inventive design results in a uniform mechanical support 
structure both for the housing structure with its frame 
structure, and for the optical elements with their mounts and 
structural modules in addition to connecting elements. The 
optical elements therefore make a kinematic contribution to 
the stability or stiffness of the housing structure. This 
means that without the optical elements inserted the housing 
structure alone is not self-supporting or sufficiently sta- 
ble, but that an integral load-bearing unit results after in- 
stallation of the optical elements. 

In addition to a saving of material and weight and of instal- 
lation space, a clearer and reproducible connection is cre- 
ated in this way between the frame structure and the optical 
elements. The individual optical elements, which are arranged 
either individually in a mount, or else in subgroups or in 
structural modules, can be separately constructed, pread- 
justed and tested and be installed in the frame structure as 
appropriately prefabricated units only after this, and be ap- 
propriately adjusted in the process. 

The optical elements are preferably supported in kinemati- 
cally determined fashion. This can be performed, for example, 
by setting members which can be adjusted in six degrees of 
freedom. A. hexapod, for example, is suitable for this pur- 
pose. 

Further advantageous refinements and developments emerge from 
the subclaims and from the following exemplary embodiments 
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described in principle with the aid of the drawings, in 

which: 

Figure 1 shows an illustration of the principle of a 
housing structure with an inserted optical ele- 
ment ; 

Figure 2 shows a further configuration of a frame struc- 
ture with a multiplicity of optical elements; 

Figure 3 shows a detail of the housing structure with an 
optical element supported in a mount; 

Figure 4 shows a frame structure in an exploded fashion; 
and 

Figures 5-8 show various mounts/structural modules with fas- 
tening points. 

The housing structure illustrated in Figures 1 and 2 has a 
frame structure 1 which is assembled from several frame parts 
2 and reinforcing plates 3. The frame structure 1 is provided 
with a multiplicity of cutouts or openings 4. Optical ele- 
ments 5 with their mounts 6 are inserted into the openings 4. 
Connecting elements 7 (not illustrated in more detail) are 
provided for this purpose. Setting members or actuators 8 are 
arranged between the mount 6, which can be constructed as a 
base element, and the optical element 5, for example, a mir- 
ror 5. The arrangement and configuration of the setting mem- 
bers 8 are not described in more detail below, since they are 
known in principle. The setting members 8 should as far as 
possible permit adjustments of the optical element 5 in six 
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degrees of freedom, and can be constructed for this purpose 

as hexapods, for example. 

Figure 2 shows a housing structure which can be, for example, 
an objective housing 9 of a projection objective in micro- 
lithography, as is described, for example, in more detail in 
EP 1 278 089 A2. The projection objective 9 can be provided, 
for example, for EUV lithography for which extremely high de- 
mands are placed on accuracy. In this case, the optical ele- 
ments constitute mirrors 5, for example, "5"' indicating a 
stop. As may be seen from Figure 1 in the upper area, and 
from Figure 2, a multiplicity of optical elements 5 with 
their mounts 6 are inserted into the openings 4 in the frame 
structure 1. The connecting elements 7 and the mounts 6 are 
configured in such a way that in the illustrated installed 
state of the optical elements 5 with their mounts 6 these 
form a bearing unit with the frame structure 1 or are inte- 
grated in the latter in such a way that a stable unit of 
great rigidity is created in this way. 

Figure 3 shows in an enlarged illustration a detail of the 
frame structure 1 with a frame part 2 to which the mount 6 of 
the optical element, constructed as a mirror 5, for example, 
is connected via adapting elements (spacer) 10. A gravity 
compensator 11 can be arranged between the optical element 5 
and the mount 6. The gravity compensator 11 serves the pur- 
pose of reducing the weight of the optical element 5 so that 
the setting members or actuators 8 need to apply smaller 
forces in order to adjust the optical element 5. Lorenz ac- 
tuators or piezoelectric elements, for example, can be pro- 
vided as actuators 8 . One or more actuators are provided in 
each case as setting members 8 for the purpose of adjusting 
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an optical element 5. Furthermore, the mount 6 is provided 
with sensors 12 for determining the position of the optical 
element 5. The application US 60/502,334 contains further in- 
formation on this. It is a part of this application in its 
entirety. 

Instead of simple mounts 6 for each optical element 5, it is 
also possible, of course, to provide structural modules 6' as 
so-called subgroups, if required, several optical elements 5 
being held in a structural module, as is indicated, for exam- 
ple, in Figure 2 by the structural module 6' . As may be seen, 
in this case the structural module 6' provides a transverse 
connection between the laterally opposite frame parts 2, and 
lends the frame structure 9 a high degree of stability in 
this way. 

The frame parts 2 of the frame structure 1, the mounts 6 and 
the structural modules 6' should consist of a material with 
at least approximately the same coefficients of thermal ex- 
pansion so that no internal stresses are introduced, particu- 
larly in the case of the occurences of heating that occur in 
EUV lithography. For the same reason, materials with very low 
coefficients of thermal expansion should also be used such 
as, for example, glass ceramics (Zerodur® from Schott Glas) . 

Figure 4 shows a frame structure 9 in a modification of Fig- 
ure 2. As may be seen, the frame structure 9 is split into 
several parts, the optical elements with their mounts 6 or 
structural modules being integrated in the individual com- 
ponents. After appropriate preadjustment , the individual com- 
ponents 9 are then combined in relation to the frame struc- 
ture 9 so as to form an integral bearing unit. 
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Various examples of mounts 6 and/or structural modules are 
illustrated in Figures 5 to 8, with in each case six fasten- 
ing points for connecting to the frame structure 1. The opti- 
cal elements 5, which are respectively connected to the mount 
6 via actuators 8, are not illustrated here. 

The arrows indicate the degree of freedom with which a con- 
necting point is respectively rigidly connected to the frame 
structure 1. The connecting point is formed to be "softly" in 
the respective other directions or degrees of freedom. This 
configuration leads to a so-called kinematic bearing with six 
degrees of freedom and six supported directions. 

As illustrated by the arrows 13, the support directions will 
advantageously be selected in this case in such a way that 
they lie respectively in the plane of an associated plate or 
strut of the frame structure 1. 

The course of the arrows 13, and thus of the force direction, 
is therefore determined in each case by the position and/or 
site of installation on the frame structure 1, and by the 
course of the frame structure or frame strut or frame plate 
at this point. 

The six degrees of freedom relate to translations in three 
coordinate directions, and to rotations about each of the 
three axes of rotation laid through their centroid. This 
means that in total six movements are possible, specifically 
linear movements in terms of the three components in the ax- 
ial direction of the spatial coordinate system, and rotary 
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movements in terms of the three components of the rotation 
about the three axes of rotation. 

Figures 5 to 8 respectively show the same principle of con- 
nection with the force directions. The directions of the ar- 
rows 13 for the six degrees of freedom are a function only of 
the position of installation, which is shown in Figures 5 to 
8 only by way of example for different positions. 
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Patent claims 

1. Housing structure which has a frame structure on which 
there are arranged via connecting elements several optical 
elements which are held in mounts or structural modules, 
characterized in that the optical elements (5) are detachably 
connected to the frame structure (1) with their mounts (6) or 
structural modules (6') and connecting elements (7) in such a 
way that in the installed state they are integrated as bear- 
ing units in the frame structure (1) . 

2. Housing structure according to Claim 1, characterized in 
that the optical elements (5) are supported on mounts (6) in 
the form of base elements (6) . 

3. Housing structure according to Claim 1, characterized in 
that the mounts (6) or structural modules (6') are provided 
with setting members (8) . 

4. Housing structure according to Claim 3, characterized in 
that actuators (8) are provided as setting members between 
the optical elements (5) and their mounts (6) or structural 
modules (6' ) • 

5. Housing structure according ' to Claim 3, characterized in 

that the optical elements (5) can be adjusted in six degrees 
of freedom by the setting members (8) . 

6. Housing structure according to Claim 2, characterized in 
that adapting elements (10) are arranged between the base 
elements (6) and the frame structure (1). 
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7. Housing structure according to Claim 1, characterized in 
that the mounts (6) or structural modules (6') are connected 
rigidly to the frame structure (1) in six degrees of freedom 
via their connecting elements. 

8. Housing structure according to Claim 7, characterized in 
that at least some of the force directions of the six degrees 
of freedom are located in a plate plane or strut plane of the 
frame structure (1) . 

9. Housing structure according to Claim 1, characterized in 
that gravity compensators (11) are arranged between the opti- 
cal elements (5) and the mounts (6) or the structural modules 
(6') . 

10. Housing structure according to Claim 1, characterized in 
that the frame structure (1) and the mounts (6) or structural 
modules (6') with their connecting elements (7) have at least 
approximately the same coeffi'cient of thermal expansion. 

11. Housing structure according to Claim 10, characterized 
in that the frame structure (1), the mounts (6) or structural 
modules (6') and the connecting elements (7) consist of mate- 
rials with a low coefficient of thermal expansion such as Ze- 
rodur or Kyocera for example. 

12. Housing structure according to Claim 1, characterized by 
a configuration as an objective housing (9) for a projection 
objective in microlithography . 



wo 2005/083487 PCT/EP2004/004235 



13. Housing structure according to Claim 12, characterized 
in that the objective housing (9) is provided for EUV lithog- 
raphy. 

14. Housing according to Claim 13, characterized in that 
mirrors (5) are provided in the objective housing (9) as op- 
tical elements. 
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Fig. 6 
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Fig. 8 
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